A biotyping scheme using improved media and methods for the detection of hippurate hydrolysis, rapid H2S production, and DNA hydrolysis was applied to 1,826 cultures of Campylobacterjejuni, Campylobacter coli and "Campylobacter larndis" isolates from human and nonhuman sources. Four biotypes were identified among C. jejuni: 57.3% of the isolates belonged to biotype I; 36.0%, to biotype II; 4.0%, to biotype III; and 2.7%, to biotype IV. C. coli organisms were differentiated into biotype 1 (67.0% of the isolates) and biotype 11 (33.0%). All "C. laridis" isolates belonged to biotype I. The combination of the biotyping scheme with the serotyping of campylobacters provided additional epidemiological markers by further differentiating the serogroups by species and biotypes.
The sudden surge in interest in campylobacters as human pathogens has led in recent years to the recognition of two species among thermophilic campylobacters: Campylobacterjejuni and Campylobacter coli (9, 12) . Furthermore, the recent proposal for a new species, "Campylobacter laridis" (2) , has focused on the need for the correct identification of the various species. The necessity for differentiation is essential to both clinicians and epidemiologists to better understand the pathophysiology and epidemiology of these organisms.
Recently, Harvey (3) used the rapid hippurate hydrolysis test of Hwang and Ederer (6) and was able to separate most strains of C. fetus subsp. jejuni, by their ability to hydrolyze hippurate, from the hippurate hydrolysis-negative strains of C. fetus, C. fecalis, and C. sputorum.
Skirrow and Benjamin (9) proposed a biotyping scheme based on hippurate hydrolysis, a rapid H2S test in ironcontaining media, and resistance to nalidixic acid for the differentiation of campylobacters into C. jejuni, C. coli, and a third group, the nalidixic acid-resistant thermophilic campylobacters. Hebert et al. (5) proposed a biotyping scheme based on hippurate hydrolysis, DNA hydrolysis, and growth on charcoal-yeast extract agar by which the C. jejuni group could be separated into eight biotypes.
I am presenting a new, extended biotyping scheme which allows the separation of the three species into biotypes and which, when used in conjuction with the serotyping scheme described earlier (8) , provides additional significant markers in the study of the epidemiology of these organisms.
MATERIALS AND METHODS
Cultures. A total of 1,826 campylobacter cultures isolated from human (1, 451 isolates) and nonhuman (375 strains including isolates from chickens, turkeys, bovine, swine, water, and others) sources were submitted to the National Reference Service for Campylobacters for identification, confirmation, and serotyping by provincial laboratories of public health, federal laboratories, hospitals, universities, and investigators from several other countries. Reference strains for C. jejuni (NCTC 11168 and NCTC 11392), C. coli (NCTC 11353) , and "C. laridis" (NCTC 11352 ) and most isolates of "C. laridis" were received from M. B. Skirrow.
Growth conditions. All strains were cultured on Mueller- Cultures, 24 h old, were collected from the agar plates with a swab which was placed into small screw-capped bottles filled with the medium. The caps were tightened, and the bottles were incubated aerobically at 43°C for 24 h followed by storage at 4°C. All cultures were examined for purity before testing, and when weak or ambiguous reactions were observed, the tests were repeated with single colonies.
Hippurate hydrolysis test. The rapid hippurate hydrolysis test described by Hwang and Ederer (6) was used. A 1% solution of sodium hippurate (Sigma Chemical Co., St. Louis, Mo.) was prepared in sterile distilled water, dispensed in 0.4-ml amounts into corked-capped tubes (10 x 75 mm), and kept frozen at -20°C until needed. A 3.5% solution of ninhydrin was freshly prepared each time before testing by dissolving 0.350 g of ninhydrin (Sigma Chemical Co.) in a tube containing 10 ml of a 1:1 mixture of acetonebutanol. A small (1-mm diameter) loopful of a 48-h culture growth from a blood agar plate was emulsified well in a tube of thawed 1% sodium hippurate and incubated, with frequent mixing, for 2 h in a 37°C water bath. After incubation, 0.2 ml of ninhydrin reagent was slowly overlaid on the sides of the tubes. Without mixing, the tubes were returned to the water bath for another 10 Rapid H2S test. The test originally described by Skirrow and Benjamin (9) was modified as follows. A semisolid agar base medium was prepared which contained the following: brucella broth (Albimi; GIBCO Canada, Burlington, Ontario), 2.9 g; Na2HPO4 (anhydrous), 0.118 g; KH2PO4 (anhydrous), 0.023 g, agar L28 (Oxoid), 0.2 g; dissolved in 97 ml of distilled water. The base medium was autoclaved for 15 min at 15 lbs and cooled to 48°C. The following were prepared separately at 10% aqueous solutions, filter sterilized, and mixed aseptically in the following sequence: 1 ml of the ferrous sulfate * 7H20 solution was added to 1 ml of the sodium metabisulfite solution, mixed well, and then added to 1 ml of the sodium pyruvate solution, mixed again, and then added to the cooled base medium. The final pH adjusted with 1 N NaOH should be about 7.3. The complete medium was mixed well, distributed in 3-to 4-ml amounts in sterile screw-capped tubes (13 by 100 mm), and stored at 4°C. The medium was prepared freshly every 2 weeks.
For testing, only 24-h-old cultures were used. A large balllike inoculum removed from the plate to fill a large 5-mmdiameter loop was gently suspended, without mixing, in the upper third of the medium. The inoculated tubes were incubated in a 37°C water bath for 2 h. A blackening reaction around the bacterial mass represented a positive test, whereas negative reactions show no blackening. C. jejuni NCTC 11392 (H2S positive; biotype 2, Skirrow and Benjamin [9] ) and C. jejuni reference strain C6 (serogroup LIO 6) were used as positive controls. DNA hydrolysis test. A 100-ml portion of DNase test agar medium (Difco Laboratories) was prepared according to the manufacturer's instructions and supplemented with 1.35 ml of a 0.5% solution of methyl green (certified stain catalog no. M-295; Fisher Scientific Ltd., Ottawa, Ontario, Canada) which had been extracted repeatedly with chloroform until the chloroform remained colorless (10) . The mixture was autoclaved, cooled, and distributed into petri plates (90 mm) each containing 25 ml of medium. The plates were well dried in a 36 or 43°C incubator with the lids partially removed.
A large loopful of 24-or 48-h-old culture grown at 36°C was used to inoculate heavily a circular area of about 1 cm in diameter on a well-dried plate. Six cultures were inoculated onto one petri plate. The plates were incubated at 36°C in the gas mixture recommended for campylobacters and examined daily for 3 to 5 days. An area of growth surrounded by a clear, colorless zone in the green-blue agar was considered positive for DNA hydrolysis (10) . No Cultures, 24 h old, were inoculated by stabbing (two to three times) the semisolid agar to about 1 cm below the surface of the medium. The tubes were incubated anaerobically and examined periodically for up to 7 days for growth throughout the medium in addition to growth just below the surface. "C. laridis" reference strain (NCTC 11352) was used as the positive control and C. jejuni reference strain (NCTC 11168) was used as the negative control. Fresh media were prepared every 2 weeks. RESULTS Hippurate hydrolysis test. Of the 1,826 strains of Campylobacter tested, 1,407 (77.1%) isolates, including 1, 195 strains from human sources and 212 cultures from nonhuman sources and also the C. jejuni reference strain (NCTC 11168), hydrolyzed hippuric acid and were therefore considered as C. jejuni (not tabulated). Over 22% (22.9%) or 421 cultures, including 256 strains from human sources, 163 strains from nonhuman sources, and the reference strains for C. coli (NCTC 11353) and "C. laridis" (NCTC 11352), did not hydrolyze hippurate and were considered as belonging to the C. coli or "C. laridis" group of organisms (not tabulated). These strains were further investigated for nalidixic acid resistance and for anaerobic growth in TMAO to differentiate the "C. laridis" and C. coli.
Rapid H2S test. Of the 1,826 strains investigated, 123 (6.7%) were positive in the rapid H2S test (Table 1) . Of these, 25 H2S-positive cultures (including 8 isolated from humans and 17 from nonhumans which were also hippurate hydrolysis negative and resembled the reaction obtained with the "C. laridis" reference strain) were temporarily assigned to the "C. laridis" group and further investigated for nalidixic acid resistance and anaerobic growth in the presence of TMAO as described by Benjamin et al. (2) .
Reproducible results in the rapid H2S test were obtained with the buffered medium only when 24-h-old cultures were used. Cultures which were .48 h old showed false-negative or erratic reactions. Table 3 .
Biotyping scheme. The results obtained by hippurate hydrolysis, rapid H2S, and DNA hydrolysis test were used in a biotyping scheme which allows the recognition of the three species, C. jejuni, C. coli, and "C. laridis," and also differentiates each species into biotypes. Using Roman numerals, four biotypes (I, II, III, and IV) were identified among C. jejuni; two biotypes (I and II), among C. coli; and two possible biotypes (I and II), among "C. laridis" ( Table 4) .
Analysis of the 1,826 isolates tested by this biotyping scheme shows that 77.1% (1,407) of all isolates belonged to C. jejuni, 21.5% (393) belonged to C. coli, and 1.4% (26) belonged to "C. laridis" (Table 5) .
Biotyping and serotyping of isolates. Strains of C. jejuni, C. coli, and "C. laridis" have been serotyped by a serotyping scheme based on slide agglutination of live bacteria with absorbed antisera to heat-labile factors, as previously described (8) . These strains have also been typed with this biotyping scheme to assess the discriminative ability of each species by the combined bioserotyping schemes. The results obtained with the 12 most common serogroups are listed in fied among serogroups 7, 2, and 4, whereas the remaining serogroups were subdivided into two biotypes each. All isolates of serogroup 6 belonged to biotypes III and IV (biotype 2 of Skirrow and Benjamin [9] ). C. coli isolates belonging to these common serogroups were further differentiated into biotypes I and II. Most human isolates of this species in serogroup 8 belong to biotype II, whereas in serogroup 20, which comprises only isolates of C. coli, most human and nonhuman isolates belong to biotype I (Table 6) . No "C. laridis" strains were found to belong to these common serogroups. DISCUSSION The new, extended biotyping scheme I am proposing is based on the rapid hippurate hydrolysis test of Hwang and Ederer (6), the rapid H2S production in a buffered ironbisulfate-pyruvate semisolid medium, and the DNA hydrolysis test in a modified DNase test agar medium. This biotyping scheme will not only allow the recognition of three species among thermophilic campylobacters, but will also subdivide common C. jejuni into four biotypes, C. coli into two biotypes, and the "C. laridis" into two possible biotypes.
Skirrow and Benjamin (9) were first to propose a biotyping scheme for enteropathogenic campylobacters by using the hippurate hydrolysis test, the rapid H2S test in iron-containing media, and resistance to nalidixic acid by which three groups were differentiated: C. jejuni, C. coli, and the nalidixic acid-resistant thermophilic campylobacters for which the name "C. laridis" was recently proposed by Benjamin et al. (2) . Hdbert et al. (5) recently proposed a biotyping scheme for C. jejuni based on hippurate hydrolysis, DNA hydrolysis, and growth on charcoal-yeast extract agar. C. jejuni isolates were differentiated into eight biotypes, with biotypes 1 to 4 comprising hippurate hydrolysis-positive strains and biotypes 5 to 8 representing hippurate hydrolysis-negative isolates which the authors refer to as C. jejuni. The inclusion of the hippurate-negative strains into the C. jejuni species reactions may be retested by the gas-liquid chromatography The rapid hippurate hydrolysis test is based on the ability method described by Kodaka et al. (7). of some bacteria to show hippuricase activity which hydro-
The validity of the hippurate hydrolysis test proposed by lyzes hippurate to benzoic acid and glycine, which is detectSkirrow and Benjamin (9) for the differentiation of C. jejuni The enzymes responsible for the blackening caused by some campylobacter strains in the rapid H2S test are not yet known. Reproducibility of results of the Skirrow and Benjamin medium (2) was poor and erratic, depending on the age of the medium or the incubation time of the cultures. Reproducibility of results was obtained only when the medium was buffered and 24-h-old cultures were used. Consistent results were obtained with previously frozen or lyophilized strains when these had been subcultured at least five times before being tested. All C. coli isolates were negative in this test; 6.7% of the human and 8.5% of the nonhuman isolates of C. jejuni and all "C. laridis" cultures examined were positive for rapid H2S production.
In the DNA hydrolysis test, organisms which show DNase activity will hydrolyze DNA resulting in the release of methyl green from the complex with DNA to produce clear, colorless areas around the bacterial growth (10) . By increasing the concentration of the methyl green in the medium from 0.005% (10) to 0.006%, a better contrast was provided, thus reducing the questionable narrow hazy zones which were difficult to interpret. Best results were obtained when the readings were made by holding the plates against a white background and indirect light.
The overall results obtained by this biotyping scheme show that, among C. jejuni, biotype I is most common among human and nonhuman isolates, with 57.3 and 51.4%, respectively (Table 5) , followed by biotype II with 36.0 and 40.1%, respectively. The differentiation among C. coli was not possible by the Skirrow and Benjamin biotyping scheme, but by the use of this scheme 67.0% of the human isolates of C. coli and 71.0% of the nonhuman isolates were found to belong to biotype I and the remaining 33.0% of the human and 29.0% of the nonhuman isolates were found to belong to biotype II (Table 5) .
The routine screening of campylobacter isolates with nalidixic acid disks showed that resistances were encountered in 3.7% of the C. jejuni isolates tested and in 1.8% of the hippurate-negative, H2S-negative, TMAO-negative strains which I have identified presumptively as C. coli. Occasional strains of C. jejuni have been found to be resistant to nalidixic acid (2, 11), but I am not aware of any report regarding nalidixic acid resistance among hippuratenegative, rapid H2S-negative, TMAO-negative strains. Some laboratories may use the susceptibility to nalidixic acid as one of the criteria for the identification of C. jejuni and C. coli, and it is possible that strains resistant to this antibiotic may be erroneously discarded. Further studies are in progress to determine the genetic basis of the variability of susceptibility to nalidixic acid observed with some strains of C. jejuni and C. coli.
The differentiation of the thermophilic campylobacters into species and into biotypes can provide valuable markers for epidemiological investigations, but by itself the information provided is rather general in nature. However, when used in conjunction with serotyping results as an extension of the serotyping scheme developed by us (8) , the discriminating ability of the system is greatly enhanced by the further differentiation of the common serogroups into biotypes ( Table 6 ). The epidemiological significance of the combined schemes becomes more evident in the interpretation of data from common serogroups which comprise large numbers of isolates. Serogroup 4, the most common serogroup, represents 158 isolates from human and 28 isolates from nonhuman sources such as dogs, cows, and chickens. As human infections may be acquired from these sources, determination of the serogroups alone may not always provide sufficient evidence for linking the human infection to an animal or food source. A more precise correlation can be established with additional markers in those cases where the strains under investigation are found to belong not only to the same serogroup but also to the same biotype. Excellent correlation of biotyping results has been obtained with epidemiologically linked isolates from several large outbreaks (H. Lior, manuscript in preparation).
The discriminatory ability of the biotyping scheme, especially when used as an extension of the serotyping scheme, will provide additional epidemiological information in the study of outbreaks and in the study of the ecology, the transmissibility, and the pathogenicity of Campylobacter species in humans and other animals.
